INTRODUCTION
The prospect of finding a cure for HIV, which at times has appeared tantalisingly close to reality, has ignited public attention and raised the exciting possibility of ending the HIV/AIDS epidemic. 1 Although antiretroviral therapy has effectively transformed HIV/AIDS into a chronic condition, there are still many burdens, costs, side effects and stigma facing those living with HIV/AIDS. 2 This is especially true for HIV-positive children because a child, if successfully treated, will spend more time on antiretrovirals than an individual infected as an adult. Therefore, HIV research into alternatives to lifelong antiretroviral therapy, including but not limited to a cure for HIV, has great promise for adults and children.
The now famous Mississippi baby case initially seemed to offer a way to cure children with HIV by providing them with very early antiretroviral therapy (VET). In that case, an infant received antiretroviral therapy within 30 h of birth and was later taken off therapy for unknown reasons at approximately 18 months of life. This intervention departed from standard of care, which would require giving the infant antiretroviral drugs to prevent transmission, but with fewer drugs and at lower doses. When the Mississippi baby returned to care, replication-competent virus could not be detected in her bloodstream, and this finding could not be explained by any of the ways individuals have been able to achieve control of the virus without antiretroviral drugs in the past. 3 Unfortunately, the Mississippi baby experienced viral rebound approximately 2 years after going into remission, and was placed back on therapy in July 2014. 4 Although the Mississippi baby ultimately was not cured, the VET strategy is currently being tested in infants. This is in part because the ability to have sustained viral remission while off therapy has value on its own, and because infants may be uniquely positioned to be treated before the virus takes hold in reservoirs throughout the body that are very difficult to eliminate. Although VET is considered a cure strategy, it differs significantly from many of the strategies being used in adult cure research because VET is similar to the current standard of care, 5 and the adult cure research agenda involves testing agents that are much riskier and more speculative. 2 Some have argued that it is ethically defensible to test VET with certain safeguards, 5 and other scholars have supplemented this analysis. 6 Leaving aside VET, should other cure interventions currently being tested in adults start paediatric testing early?
There are several reasons that accelerated paediatric testing of HIV cure interventions might make sense. Some researchers argue that paediatric and adult cure agendas should 'better synergize with one another'. 7 The scientific value of testing cure interventions on infants and children, given their unique and developing immune systems, has been cited as a reason to pursue this research as well. 8 At least one HIV cure intervention-the use of stem cell transplantation from donors with an HIV-resistant mutation in patients with cancer and HIV-has already been tested in a child, though it was not successful. 9 The limitations of VET have also led commentators to argue that interventions currently being tested in adults may make it easier to cure infants who have received VET, or that it might even be a necessary step to cure those infants. 10 11 Finally, failing to enrol children in early stages of important research can also lead to a delay in availability of the intervention down the road.
Putting children towards the front of the line for experimental cure interventions, however, flies in the face of received wisdom about the ethics of paediatric research. The general rule is to test experimental interventions in adults first.
12 Some have argued that early studies of risky HIV cure interventions should not enrol patients who lack decision-making capacity, which would exclude children from the early phases of HIV cure research. 13 There are some exceptions to this general rule of enrolling adults in research before children, however, which might apply to interventions that target HIV.
14 This raises the question-when should the adult HIV cure agenda be translated into paediatric research?
In this paper, I first discuss the dominant view on when paediatric testing should be initiated. I then evaluate the arguments for and against HIV cure research and conclude that, despite the potential value of HIV cure interventions for children, existing experimental interventions are too risky and speculative to accelerate the involvement of children in this research, particularly in light of the available alternatives. Exceptions to this general rule are likely to be very limited. Finally, I return to the more general question of when to start testing experimental interventions in children to apply the most interesting implications from the debate over the use of HIV cure interventions in children.
When should paediatric research be initiated in general?
Children are typically defined as persons who have not attained the legal age for consent, 15 and generally either parents or guardians have to provide proxy consent for children. This makes it more difficult to determine when participating in research or other activities actually reflects the values and preferences of children. Children are also more vulnerable to harm than adults, and parents or guardians may have competing interests that depart from the interests of their children, so proxy consent may be insufficient to protect children's interests in all cases. Children do develop greater decision-making capacity over time, even if they are not considered legally competent to make decisions, and can be asked for their assent. Although assent is often required by institutional review boards (IRBs) from children who have the capacity to understand some basic information about research, it does not have the same moral force as consent, and younger children are not considered capable of providing their own assent. 16 Thus, providing one's own consent is a way to protect one's own interests that is precluded for most children.
In the 1970s, an important debate took place in the bioethics literature about whether it is acceptable to expose children to risk in non-beneficial research, with one prominent ethicist arguing that it is not because children do not provide their own consent, and another arguing that children can be exposed to minimal net risk in research. 17 Ethicists now generally agree that children should only be exposed to relatively low amounts of net risk in research if it is justified by the benefits to society (though there is some disagreement over what counts as low risk research). 5 There is also some agreement that age de-escalation (involving older children at earlier stages of research and younger children down the line) can serve as an additional protection in some cases.
Today, research with children is legally approvable by IRBs in the USA only if the risk involved is offset by a prospect of benefit, or if not, if the risk is relatively low (up to a 'minor increase over minimal risk') and if this risk is justified by the potential value for society. 18 Of note, the US federal regulations also have a category in which paediatric research of higher risk and no benefit could theoretically be approved if there is sufficient social value, though there are stringent procedural hurdles, and very few studies that pose high risks have been approved in this category. 19 International guidelines and regulations typically only permit paediatric research that involves minimal risk, or research that offers the potential for direct benefit. 20 Controversy persists over how to interpret existing regulations and apply them to research. Weighing individual benefits against potential risk is not always straightforward. 21 For instance, many scholars have questioned whether early phase research can ever be seen as beneficial to children, noting that the potential for benefit of phase I studies in particular is very low. 22 Another big challenge, but one that has been much less studied, 23 is determining what counts as sufficient societal benefit (often referred to as 'social value') to justify exposing children to research that poses net risk. In particular, it is hard to determine how much we should discount the social value of research based on how likely (or unlikely) it is that the research will generate a product that will help improve health. It makes intuitive sense that a very promising phase III trial that is likely to result in a product that will improve human health significantly (such as a product that has the potential to cure an otherwise fatal illness) has higher social value than a phase I trial of a similar product where the chance of failure is likely to be close to 95%. Although it is often unclear how to do this type of discounting in practice, the social value of an experimental approach with a high probability of failure likely could only justify exposing individual research subjects to relatively low risk. Because social value and risk will change as a research intervention or programme moves from earlier phases to later phases, determining when children can be enrolled in research depends on the promise of any given experimental intervention as well as the phase of the research.
A European paediatric ethics working group has issued guidelines on when to initiate paediatric research that recommend the involvement of children in early phase research, including during phase II, in certain cases. This includes when the population suffers from a serious or life-threatening disease that has a different natural history than in adults, or when there is insufficient treatment for the disease. 16 This analysis assumes that the interventions being tested would be beneficial to those children given the seriousness of their illness or the lack of comparable alternatives. As the analysis of HIV cure research will reveal below, however, these criteria are not sufficient for evaluating when to initiate paediatric testing.
Early initiation of paediatric research on HIV/AIDS
HIV is a serious disease that has a somewhat different course in children than in adults. In HIV prevention context, based on the scientific necessity for enrolling adolescents and the possible benefits for communities to finding an HIV vaccine, some commentators have recommended increasing the amount of risk to which adolescents can be exposed in research on an HIV vaccine, 24 and enrolling older adolescents in phase IIb proof of concept HIV vaccine research. 25 HIV cure research similarly has high potential benefit for society, and, as mentioned above, finding a cure in children and infants may be easier or different than finding a cure for HIV in adults. Thus, the arguments that have been made to accelerate the involvement of adolescents in HIV vaccine research would seem to apply with similar force to speed up the involvement of children in HIV cure research. However, prominent scholars have argued that children should
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This recommendation bears further examination. As mentioned above, at least one cure intervention has been tested in a child, 7 and cure research has high potential for individual and societal benefit. Below I review the ethical arguments for and against earlier initiation of paediatric testing of HIV cure interventions. This analysis will reveal that, given the current state of the adult HIV cure field, it is premature to initiate paediatric testing for several reasons.
Arguments in favour of involving children in early phase HIV cure research
In theory, the prospect of a cure for HIV could be highly beneficial for children in early cure studies, as a cure would presumably allow previously HIV-infected children the chance to be healthier, live longer, be free of the burdens of daily antiretroviral therapy and to live without the stigma associated with HIV infection. As will be discussed below, however, the potential for benefit in current early phase cure research is minimal at best, what counts as a 'cure' in HIV cure research may not coincide with the traditional use of the term. The fact that alternative treatments for HIV are well established and widely available also limits the potential for benefit.
The early involvement of children in HIV cure research could have high scientific value, because the timing of infection is easier to isolate in infants who are infected in utero, during labour or during breast feeding than for people in other age groups. Children may also be more receptive to some cure interventions because their immune systems are still developing. Thus, children may be an ideal population to involve in research aiming at a cure for HIV.
Moreover, failing to involve children in early phase HIV cure research could lead to delayed access to HIV cure interventions for paediatric patients in the future. Some commentators have gone so far as to argue that '[i]t is imperative that children be included in the early stages of cure research and development, as we would not want to repeat the mistakes of the past by delaying the availability of a cure for children'. 26 Such delay can occur because the translation of adult interventions into paediatric use is often far from straightforward. Significant testing may be necessary to ensure that the drugs that work in adults are safe and effective in children, and to find the right dosages, identify relevant drug-drug interactions and develop childfriendly formulations. 27 Given that most early phase testing is unlikely to be successful, however, these arguments implicitly accept a trade-off between the risks to which individual research participants would be exposed and the potential for advancing scientific understanding and providing benefits for the HIV-infected children who would ultimately receive successful HIV cure interventions. As mentioned above, international regulations governing research only allow children to be exposed to relatively low net risks in research, and do not allow great sacrifices on the part of individual children to benefit others in the future. Therefore, the arguments in favour of involving children in earlier phase cure research only work insofar as early phase cure research poses relatively low risk.
Arguments against involving children in early phase research
Perhaps the most important reason to wait to enrol children in research towards an HIV cure is that the interventions being tested pose relatively high risks. HIV cure trials are investigating interventions such as chemotherapeutic agents, broadly neutralising antibodies and transplantation of autologous stem cells. 1 One promising strategy is to reactivate latent reservoirs of latent T cells where HIV is lodged within the body and then destroy the virus. 28 Other strategies include: 'reactivating latently infected cells and stimulating their clearance by the immune system; genetically modifying host CD4 cells to make them resistant to HIV infection'; and therapeutic vaccines. 29 Key toxicities of some of the interventions being used in HIV cure research include 'immune-mediated adverse reactions, which can be severe', and 'increased risk of lymphomas, skin cancers, [and] infection'. 26 These authors have noted that HIV cure interventions have risks that 'may be more pronounced in individuals with HIV' and that 'the long-term complications of many of the potentially useful agents have not been established'. 26 Additionally, the research procedures needed to test the efficacy of these interventions pose significant risks. There is general agreement that 'the ultimate test of an intervention targeting the HIV-1 reservoir is an analytical treatment interruption'. 2 HIV-infected individuals who interrupt their antiretroviral therapy can experience viral rebound, the seeding of reservoirs with HIV where few if any existed, the emergence of resistance to antiretrovirals to treat HIV, decreases in CD4 cell counts and unknown risks. 5 It is worth noting that if interventions are found not to work in early phase research in adults, then these interventions and research methodologies will not need to be tested in children, thereby sparing them from being exposed to these risks.
A second reason not to enrol children in early phase HIV cure research is that the goal of this research is to achieve sustained viral remission, and although some possibilities have been suggested, it is not entirely clear how the ability to achieve viral remission would be useful in clinical practice. Recent experiences such as the viral rebound of the Mississippi baby have led some to conclude that 'a 'cure' for HIV infection, at least considered as a sterilizing cure with complete and definitive eradication of the virus, remains extremely challenging. Nevertheless, optimism stays high for the prospects of long-term viral suppression in the absence of ART….' 30 There is an emerging consensus on the use of the term 'sustained or long-term 'remission'' as the appropriate aim for HIV cure research, though commentators go on to suggest 'retaining the aspirational goal of working towards an HIV cure'. 27 To be sure, sustained viral remission could be useful for children in critical developmental phases when exposure to the side effects of antiretrovirals could be especially damaging, or during periods like adolescence when adherence is often poor. 31 It is still highly uncertain whether sustained viral remission is a possibility for most children, however, even with the initiation of VET. This strategy has only been tested and reported in two infants, one of whom experienced viral rebound almost immediately. Thus, the social value of research aiming at sustained viral remission is probably not sufficient to justify relatively high risks in research involving children.
Third, the different HIV cure interventions being tested are unlikely to be successful in isolation. To date, studies have not identified a single agent that can reactivate the latent HIV reservoir, and 'combination therapies with agents that potently reactivate HIV plus kill the reactivated cells will most likely be required to purge the latent reservoir in patients'. 27 This strategy is sometimes referred to as 'kick and kill' or 'shock and kill'. 26 As some authors have argued, 'there is clearly a long way to go and key challenges lie in the search for combination interventions that not only lead to activation of latent HIV infection, but also significant decreases in the size of the HIV reservoir'. 1 As mentioned above, there are also several different experimental candidates for the different components of what may eventually amount to a cure. Eyal and Kuritzkes contend that the '[d]evelopment of a strategic plan to prioritise which approaches to combine will require careful thought'. 2 Since cure interventions will be used in a strategy yet to be determined, the value of any individual study aiming at a cure is diminished. Unlike an HIV vaccine that might be used to prevent HIV on its own, the social value of any given cure intervention has to be divided by the amount of contribution it makes to the ultimate attainment of viral remission or cure. In other words, if one study is testing an intervention that may be a part of a five-step combination that results in viral remission, the social value of each individual intervention is a fraction of the total social value of achieving viral remission. This diminished social value makes it even less likely that testing early phase, risky HIV cure interventions could be justified in children.
Finally, the alternatives available to children living with HIV/AIDS are numerous, well tested and highly effective. Antiretroviral therapy has transformed HIV into a chronic illness, with life expectancies of those living with HIV essentially the same as people who are uninfected. Although there are side effects of antiretroviral therapy, including mitochondrial toxicity, metabolic abnormalities and skin reactions, these risks are better characterised and less severe than some of the risks associated with HIV cure interventions, and newer drugs pose fewer risks. 32 Furthermore, because infants will increasingly have access to strategies for the prevention of mother to child transmission, fewer young children are likely to be infected with HIV in the future. 33 Although adolescents are experiencing growing disease burden, prevention of infection is still the first line strategy, and pre-exposure prophylaxis has been shown to be highly effective for those who take it. 34 Higher-income countries and lowerincome countries have also developed approaches to increase access to antiretroviral therapy around the world.
It is true, however, that many of those who are diagnosed as HIV-positive or even begin to receive care are subsequently lost to follow-up, 35 and keeping patients plugged into the continuum of care is an important challenge for and a current limitation of HIV treatment programmes worldwide. Yet the cure interventions currently being tested are likely to face very similar challenges. To the extent that cure interventions are intended to result in viral remission for a period of time, people receiving these interventions will have to be closely monitored so they can be placed back on therapy when they experience viral rebound. Thus, the current challenges posed by the HIV cascade of care are unlikely to be solved even if current HIV cure interventions are successful.
In sum, current approaches to HIV cure largely do not seem to offer a radical improvement over the status quo. As Eyal and Kuritzkes have argued, cure interventions may simply 'replace safety with great uncertainty'. 2 Without more reason to have confidence in the prospects of any given HIV cure intervention, the social value of early phase HIV cure research is simply not high enough to justify the involvement of children in this research.
Limitations of the argument
I have argued that HIV cure research should not be initiated in children until later stages of research. My argument depends on some reasonable assumptions about HIV cure research that are based on the current adult HIV cure agenda, however, and may not hold if the field changes in certain respects. For instance, if there are interventions being tested that are like VET in that they are not much riskier than the current standard of care, then this may be one exception. Additionally, if there are methodological breakthroughs that allow more careful measurement of changes in the size of viral reservoirs or better detection of very low levels of replication-competent HIV in the bloodstream, then these breakthroughs may lower the risk of some HIV cure research to a level where it makes sense to involve children in this research earlier. Another possibility, although an unlikely one, is that a cure intervention could be developed that has the potential to be used on its own, and this may also change the calculation. Finally, if a clear clinical need is articulated for children in general or a subpopulation of children to have sustained periods of time off antiretroviral therapy without incurring damage to their immune systems, initiating cure research in children may have greater value than it currently does and the earlier enrolment of children might be justifiable.
CONCLUSION
HIV cure research is currently speculative, risky, focused on combination approaches, and involves interventions that do not compare favourably with the status quo. Thus, the early involvement of children in HIV cure research is difficult to justify. There is at least one notable exception, namely research on the initiation of VET in infants, and if certain key aspects of the field achieve breakthroughs, it is possible that earlier initiation of paediatric testing of cure interventions could be justified.
This analysis has two important implications for the larger debate on when to initiate paediatric testing in comparison to adult testing. First, interventions that are likely to be part of a combination that will be used to prevent or treat an illness are less viable candidates for early initiation of paediatric testing, because the social value of each element of the combination is diminished. Second, the term 'cure' can be misleading, and for chronic conditions, a cure that amounts to sustained viral remission may not do much to improve the lives of those living with the disease. Cures for chronic diseases where lifelong treatment is available will not always be good candidates for early paediatric testing for this reason. Future work on paediatric research ethics could profit from this approach of delving deep into a field like HIV cure research to continue to refine the criteria for when it is ethically acceptable to accelerate the testing of experimental interventions in children.
